Abstract. A survey of mesoscale cyclogenesis near the Antarctic peninsula has been carried out for 1991 based on digital satellite imagery collected at Palmer Station. Slightly higher cyclonic activity was found over the Bellingshausen Sea sector (BSS) than in the Weddell Sea sector (WSS). Both sides were characterized by a pronounced formation maximum in summer and a minimum in winter. Comma clouds were the dominant vortex type, and their average diameter was around 370 km. Trajectories show that many vortices in the BSS move northeastward toward the Drake Passage, with some of the most well developed moving north-northeastward to the southern tip of South America, bringing severe weather conditions to that area; little systematic motion was noted over the WSS. The fraction of mesoscale cyclones with middle and/or high cloud on the west side of the Antarctic peninsula was much higher than on the east side. These numerous and deep mesoscale cyclones are a consequence of the frequent outbreaks of cold air associated with synoptic-scale cyclones that move cold air northward over the relatively warm Bellingshausen Sea, with convective instability resulting. This happens much less often in the WSS, where low-level baroclinic instability and vortex stretching are the dominant formation mechanisms and air-sea interaction is usually much less vigorous due to the stabilizing influence of the extended seaice cover.
Introduction
The Antarctic peninsula is a mountain barrier that extends northward from the base of the continent (Ellsworth Land) to about 63øS. It has a length of about 1300 km, and an average width of 70 km to the north of 69øS (Figure 1 ). The peaks of the mountains have elevations that range from more than 2000 m to nearly 800 m at the tip of the peninsula [Schwerdtfeger, 1984] . These steep mountains, averaging 1500 m in elevation, separate the southern Pacific and Atlantic Oceans, and act as a formidable barrier to the airflow [Parish, 1977] . The north/northwesterly winds over the Bellingshausen Sea-side bring relatively warm and moist air to the western side of the peninsula, while the southerly winds over the Weddell Sea-side bring cold air from the continent and generate a continental climate [Schwerdtfeger, 1970; Parish, 1977] . The steep mountains and the nearly permanent cyclonic surface circulations that affect both sides of the peninsula result in distinct climatic environments on each side.
One of the first studies of subsynoptic-scale vortices (those whose diameter is less than 1000 km) near the Antarctic addition, he noted that these features were usually associated with a synoptic-scale low located over the Bellingshausen Sea or to the east of the Weddell Sea. These positions may support southward warm air advection into and cold air outbreaks over the Weddell Sea sector, respectively. Turner and Thomas [1992] used hard copy satellite imagery to carry out a study of mv on both sides of the peninsula for the period of September 1983 to February 1984. They found that greater mesoscale cyclonic activity occurred over the Bellingshausen Sea than over the Weddell Sea sector during their study period; this was also true of the summer period (December 1983 to February 1984) studied in more detail by Turner and Thomas [1994] . This spatial activity pattern contrasted with that found by Carrasco and Bromwich [1992, 1993] , who examined practically the same region using digital satellite data but for the period of August 1989 to February 1990. The latter authors noted that the greater activity for their period was over the Weddell Sea sector. This suggests that there may be interannual variability in the location of the maximum mesoscale cyclonic activity near the Antarctic peninsula.
Also, their mesoscale cyclone trajectories showed that these features tend to move northeastward from the Bellingshausen Sea to the Drake Passage [Carrasco and Bromwich, 1992] Column 3 in Table 1 gives the monthly equivalent weekly frequency of mesoscale vort'•ces on both sides of the Antarctic peninsula. This was obtained by dividing the number of mesoscale cyclones for the given month by one-seventh of the analyzable days. This calculation yields an unbiased weekly average of the mesoscale cyclones throughout the year. As noted previously, the mesoscale cyclonic activity decreases during the winter in both sectors. The monthly weekly frequencies suggest a maximum frequency toward the end of the summer (February and March) over the BSS, but once again, results for January may be misleading. Figure 5 graphically shows the results in terms of the seasonal breakdown. In this case the weekly frequency was adapted according to the total analyzable days in each season. Larger activity occurred over the BSS except for early summer, specifically in December (the same is true in July). In summary, the annual equivalent weekly frequency indicates that about 7 (5) mesoscale vortices can be observed each week within the BSS (WSS).
The trajectories of the mesoscale cyclones that were tracked (about 48% and 36% of the total in the BSS and WSS, respectively) during the year are shown in Figure 6 . They reveal the preferential eastward movement toward the Drake Passage for the majority of the tracked vortices in the BSS. Note that some of the trajectories show a northnortheastward orientation from the northern Bellingshausen 
Characteristics of the Mesoscale Cyclones
The type, depth, and diameter of the mesoscale vortices were analyzed based on the cloud pattern recognition and interpretation of meteorological satellite imagery. Overall, the common types observed throughout the survey on both sides of the peninsula were comma cloud; spiraliform; merrygo-round; oval, solid mass; and band or mass of convective clouds. Table 3 Table 3 gives the total number and weekly frequency of these cyclones in terms of season. As previously indicated, the overall mesoscale cyclonic activity decreases during the winter. However, deep cyclones 
Synoptic-Scale Pattern and Mesoscale Cyclones
To analyze the synoptic-scale pattern associated with mesoscale cyclones on both sides of the peninsula, averages and anomalies for the sea-level pressure, the 700-hPa and 500-hPa geopotential heights and 1000 to 500-hPa geopotential thickness were calculated using the numerical analyses produced by the Australian Bureau of Meteorology. Because mesoscale vortices may be observed simultaneously on both sides of the peninsula, cyclonic days for the BSS (WSS) correspond to days for which a mesoscale cyclone was observed on satellite images within the BSS (WSS), but none was observed within the WSS (BSS). This isolates all the cyclonic days in each sector, and therefore results may better reflect the synoptic-scale environment associated with mesoscale cyclones on each side of the peninsula but not on both. Calculations were carried out seasonally to overcome, in part, the asymmetric distribution of mesoscale cyclones throughout the year. The left panels in Figures 8a to 8e (9a to  9b) are the sea level pressure anomalies for late summer, autumn transition, winter, spring transition and early summer associated with mesoscale cyclones over the BSS (the WSS), respectively. The anomaly patterns for the other fields (i.e., 700-hPa and 500-hPa heights and 1000 to 500-hPa thickness) are similar to those displayed in Figure 8 (Table  3 ). In spring a small positive anomaly area is located over the Drake Passage. This is despite the fact that during this season more significant mesoscale vortices were observed. Over the WSS, the anomaly pattern is more variable. Negative anomalies occur in late summer, autumn, and spring seasons, while winter and early summer show significant positive anomalies. From this analysis, no synoptic-scale pattern that persistently favors mesoscale cyclogenesis over the WSS was found. The fact that the trajectories of mesoscale cyclones do not show a preferential direction may be a reflection of this situation.
To gain more insight into the synoptic-scale environment associated with mesoscale vortices, differences between cyclonic days and noncyclonic days (no cyclone was observed on satellite images within the selected sector) were constructed for both the BSS and WSS. This procedure filters out the missing days for which the presence or absence of mesoscale cyclones is unknown. The difference of thickness fields along with the results of the t-test is presented in Figures 10a to 10e for the BSS, and in Figures 11 a to 11 e for the WSS. Overall, it can be seen that a colder environment (negative differences) for cyclonic days dominates in both sectors (except early summer in the WSS). This further confirms the results described above over the BSS. Note that a warmer environment (positive differences) dominates over the WSS for cyclonic days on the other side of the peninsula. Likewise, while over the WSS a colder environment accompanied mesoscale cyclogenesis, a warmer one was present over the BSS. From these analyses, the results over the WSS for winter are opposite to those obtained by taking the anomalies with respect to the seasonal average.
In principle, the location of negative pressure anomalies identifies regions of more frequent and/or stronger synopticscale cyclones, while the positive anomalies suggest the dominance of anticyclonic circulation in the areas where they are resolved. Thus the negative centers observed over the BSS and WSS can be interpreted as an indication of more equatorward (poleward) airflow occurring on the west (east) side of these centers and, conversely, for the positive centers. The overall patterns resolved by the 1000 to 500-hPa geopotential thickness field indicates that mesoscale cyclones occur within cold air masses, and they are generally The average diameter of all vortices was about 370 km which is larger than that found for the same period over the Ross Sea and Ross Ice Shelf (267 and 247 km, respectively), especially of those near Terra Nova Bay (200 km) and Byrd Glacier (195 km) [Carrasco and Bromwich, 1996] . This is also true when comparing with the results obtained in these areas but for 1988 [Carrasco and Bromwich, 1994] . By comparison, Turner et al. [1996] obtained average vortex diameters for the study area in 1993-1994 of around 530 km. This is 43% larger than the 370 km found here and probably results from a combination of differing diameter definitions and interannual variability.
Most of the mesoscale vortices observed over WSS were stratiform low cloud features in appearance, indicating that they developed within the lower troposphere, more than likely below 700 hPa, as confirmed by the CTT analysis. Much greater vertical development was typically observed in the BSS as a consequence of the limited sea ice cover and vigorous air-sea interaction.
